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METHOD FOR TRANSMITTING CHANNEL
QUALITY INFORMATION IN A MULTIPLE
INPUT MULTIPLE OUTPUT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 13/664,336, filed on Oct. 30, 2012, now U.S. Pat. No.
8,964,878, which is a continuation of U.S. application Ser.
No. 12/673,745, filed Feb. 16, 2010, now U.S. Pat. No. 8,761,
286, which is the National Stage filing under 35 U.S.C. 371 of
International Application No. PCT/KR2008/004743, filed on
Aug. 14, 2008, which claims the benefit of earlier filing date
and right of priority to Korean Application No. 10-2008-
0010672, filed on Feb. 1, 2008, and also claims the benefit of
U.S. Provisional Application No. 60/956,382, filed on Aug.
16,2007, the contents of which are all hereby incorporated by
reference herein in their entireties.

TECHNICAL FIELD

The present invention relates to a Multiple Input Multiple
Output (MIMO) system, and more particularly to a method
for transmitting a channel quality information (CQI) in a
Multiple Input Multiple Output (MIMO) system.

BACKGROUND ART

A Multiple Input Multiple Output (MIMO) technology
will hereinafter be described in detail. In brief, the MIMO
technology is an abbreviation of the Multi-Input Multi-Out-
put technology. The MIMO technology uses multiple trans-
mission (Tx) antennas and multiple reception (Rx) antennas
to improve the efficiency of Tx/Rx data, whereas a conven-
tional art has generally used a single transmission (Tx)
antenna and a single reception (Rx) antenna. In other words,
the MIMO technology allows a transmitting end or receiving
end of a wireless communication system to use multiple
antennas (hereinafter referred to as a multi-antenna), so that
the capacity or performance can be improved. For the conve-
nience of description, the term “MIMO” can also be consid-
ered to be a multi-antenna technology.

In more detail, the MIMO technology is not dependent on
a single antenna path to receive a single total message, col-
lects a plurality of data pieces received via several antennas,
and completes total data. As a result, the MIMO technology
can increase a data transfer rate within a specific coverage, or
can increase system coverage at a specific transfer rate. In
other words, the MIMO technology is the next-generation
mobile communication technology capable of being applied
to mobile communication terminals or relays.

The MIMO technology from among a variety of technolo-
gies can greatly increase an amount of communication capac-
ity and Tx/Rx performances without allocating additional
frequencies or increasing an additional power. Due to these
technical advantages, most companies or developers are
intensively paying attention to this MIMO technology. The
next-generation mobile communication technology requires
a data transfer rate higher than that of a conventional mobile
communication technology, so that it is expected that the
effective MIMO technology is requisite for the next-genera-
tion mobile communication technology. Under this situation,
the MIMO communication technology is the next-generation
mobile communication technology capable of being applied
to mobile communication terminals or relays, and can extend
the range of a data communication range, so that it can over-
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2

come the limited amount of transfer data of other mobile
communication systems due to a variety of limited situations.

The above-mentioned MIMO technology can be classified
into a spatial diversity scheme and a spatial multiplexing
scheme. The spatial diversity scheme increases transmission
reliability using symbols passing various channel paths. The
spatial multiplexing scheme simultaneously transmits a plu-
rality of data symbols via a plurality of Tx antennas, so that it
increases a transfer rate of data. Detailed descriptions of the
spatial diversity scheme, the spatial multiplexing scheme, and
the combination thereof will hereinafter be described in
detail.

Firstly, the spatial diversity scheme will hereinafter be
described. The spatial diversity scheme is classified into a
space-time block code scheme and a space-time Trellis code
scheme which simultaneously uses a diversity gain and a
coding gain. Generally, a bit error ratio (BER) improvement
performance and a code-generation degree of freedom of the
space-time Trellis code scheme are superior to those of the
space-time block code scheme, whereas the calculation com-
plexity of the space-time block code scheme is superior to that
of'the space-time Trellis code scheme. The above-mentioned
spatial diversity gain corresponds to the product or multipli-
cation of the number (N,) of Tx antennas and the number
(Ny) of Rx antennas, as denoted by N;xNj.

Secondly, the spatial multiplexing scheme will hereinafter
be described. The spatial multiplexing scheme is adapted to
transmit different data streams via individual Tx antennas. In
this case, a receiver may unavoidably generate mutual inter-
ference between data pieces simultaneously transmitted from
a transmitter. The receiver removes this mutual interference
from the received data using a proper signal processing tech-
nique, so that it can receive the resultant data having no
interference. In order to remove noise or interference fromthe
received data, a maximum likelihood receiver, a ZF receiver,
a MMSE receiver, a D-BLAST, or a V-BLAST may be used.
Specifically, if a transmitting end can recognize channel
information, a Singular Value Decomposition (SVD) scheme
may be used to remove the noise or interference.

Thirdly, the combination of the spatial diversity scheme
and the spatial multiplexing scheme will hereinafter be
described. Provided that only a spatial diversity gain is
acquired, the performance-improvement gain is gradually
saturated in proportion to an increasing diversity order. Oth-
erwise, provided that only the spatial multiplexing gain is
acquired, a transmission reliability of a RF channel is gradu-
ally deteriorated. As a result, a variety of schemes capable of
acquiring all the above-mentioned two gains simultaneously
while solving the above-mentioned problems have been
intensively researched by many companies or developers, for
example, a double-STTD scheme and a space-time BICM
(STBICM) scheme.

DISCLOSURE
Technical Problem

Accordingly, the present invention is directed to a method
for transmitting a channel quality information (CQI) in a
Multiple Input Multiple Output (MIMO) system that substan-
tially obviates one or more problems due to limitations and
disadvantages of the related art.

An object of the present invention is to provide a method
for transmitting CQI in a Multiple Input Multiple Output
(MIMO) system.

Another object of the present invention is to provide a
method for indicating some codewords in transmission
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restriction status using CQI, on the condition that several
codewords of a MIMO system have been transmitted from a
transmitter to a receiver and the CQI measured by the receiver
in association with each codeword has been transmitted from
the receiver to the transmitter in response to the transmitted
several codewords. In other words, the receiver informs that
CQI of some codewords cannot be measured.

In brief, the present invention aims to allow the receiver to
indicate that a channel quality of a corresponding codeword
has an unavailable reception status.

Technical Solution

To achieve these objects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a method for allowing a receiver to
feed back a CQI value to a transmitter in a Multiple Input
Multiple Output (MIMO) system comprising: receiving a
transmission (Tx) pilot signal for each Tx antenna from a base
station (BS); measuring a first CQI value of a first codeword
and a second CQI value of a second codeword on the basis of
the pilot signal; and transmitting the first CQI value of the first
codeword and the second CQI value of the second codeword
to the base station (BS), wherein at least one of the first and
second CQI values includes specific information capable of
indicating a transmission restriction status ofa corresponding
codeword.

Preferably, the first and second CQI values are indicative of
CQI of some parts of a total band.

Preferably, the first and second CQI values are transmitted
via at least one of quantized channel status information, a
SINR (Signal to Interference plus Noise Ratio), and a MCS
(Modulation and Coding Selection) level index.

Preferably, the specific information indicating the trans-
mission disallowance information is any one of'a SINR (Sig-
nal to Interference plus Noise Ratio) of ‘—codB’, a coding rate
of ‘0’, a modulation order of ‘0’, and a predetermined MCS
level index.

Preferably, the predetermined MCS level index is prede-
termined to indicate either of the coding rate of ‘0” or the
modulation order of 0.

Preferably, the second CQI value includes a relative chan-
nel information value associated with the first CQI value.

Preferably, provided that the second CQI value is recon-
structed by the first CQI value and its associated relative
value, if the reconstructed value is a non-existing value oris in
a transmission restriction status based on the first CQI value,
the second CQI value indicates the transmission restriction
status.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

Advantageous Effects

The MIMO system according to the present invention can
transmit a CQI.

According to the following embodiments of the present
invention, if the MIMO system transmits several codewords
and the CQI of each codeword, it can indicate that some
codewords is in transmission restriction status using the CQI.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
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embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 is a block diagram illustrating a transmission struc-
ture of a MIMO system including the (2x2)-antenna struc-
ture;

FIG. 2 is a conceptual diagram illustrating a method for
transmitting CQI from a UE to a Node-B;

FIG. 3 shows the CQI result measured by a receiving end
according;

FIG. 4 is a flow chart illustrating a method for transmitting
the CQI according to the present invention; and

FIG. 5 is a conceptual diagram illustrating a Multiple Input
Multiple Output (MIMO) system according to the present
invention.

MODE FOR INVENTION

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

Prior to describing the present invention, it should be noted
that most terms disclosed in the present invention correspond
to general terms well known in the art, but some terms have
been selected by the applicant as necessary and will herein-
after be disclosed in the following description of the present
invention. Therefore, it is preferable that the terms defined by
the applicant be understood on the basis of their meanings in
the present invention.

For the convenience of description and better understand-
ing of the present invention, general structures and devices
well known in the art will be omitted or be denoted by a block
diagram or a flow chart. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

In the meantime, if several transmission information units
are overlapped and then received, the present invention can
expect performance improvement using an interference-can-
cellation receiver. A brief description of the interference-
cancellation structure will be as follows.

According to the interference-cancellation structure, after
the first information is demodulated/decoded from a total
reception signal in which some information is overlapped,
information associated with the first information is removed
from the total reception signal. A second signal is demodu-
lated/decoded by the resultant signal having no first informa-
tion removed from the reception signal. A third signal is
demodulated/decoded by the resultant signal having no first-
and second-information removed from the first reception sig-
nal. A fourth signal or other signal after the fourth signal
repeats the above-mentioned processes, so that the fourth or
other signal is demodulated/decoded. In order to use the
above-mentioned interference cancellation method, the
demodulated/decoded signal removed from the reception sig-
nal musthave no error. If any error occurs in the demodulated/
decoded signal, error propagation occurs so that a negative
influence continuously affects all the demodulated/decoded
signals.

As described above, in order to minimize the error propa-
gation caused by the interference cancellation, it is preferable
that the interference is selectively removed after determining
the presence or absence of an error in the demodulated/de-
coded signal. One of methods for determining the presence or
absence of the error in each transmission information is cyclic
redundancy check (CRC) method.
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A general communication system performs encoding of
transmission information of a transmitting end using a for-
ward error correction code, and transmits the coded informa-
tion, so that an error experienced at a channel can be corrected
by a receiving end. The receiving end demodulates a received
(Rx) signal, and performs decoding of forward error correc-
tion code on the demodulated signal, so that it recovers the
transmission information. By the decoding process, the Rx-
signal error caused by the channel is corrected.

Each of all forward error correction codes has a maximum-
correctable limitation in a channel error correction. In other
words, if a reception (Rx) signal has an error exceeding the
limitation of a corresponding forward error correction code, a
receiving end is unable to decode the Rx signal into informa-
tion having no error. Therefore, the receiving end must be able
to check the presence or absence of an error in the decoded
information. In this way, a specialized coding process for
performing error detection is required, separately from the
forward error correction coding process. Generally, a Cyclic
Redundancy Check (CRC) code is used as an error detection
code.

The CRC method is an exemplary coding method for per-
forming the error detection. Generally, the transmission
information is coded by the CRC method, and then the for-
ward error correction code is applied to the CRC-coded infor-
mation. A single unit coded by the CRC and the forward error
correction code is generally called a codeword. In other
words, a unit of distinctive information processed by the CRC
coding is called a codeword.

Therefore, in order to minimize the error propagation
caused by the interference cancellation, it is preferable that
the interference is selectively removed after determining the
presence or absence of an error in the demodulated/decoded
signal. Therefore, a representative method for using the inter-
ference cancellation technology is a specific case in which
several transmission information segments and several code-
words are used.

If several transmission information units are overlapped
and then received, the present invention can expect perfor-
mance improvement using an interference-cancellation
receiver. There are many cases in the above-mentioned case in
which several transmission information segments are over-
lapped and then received, for example, a case in which the
MIMO technology is used, a case in which a multi-user
detection technology is used, and a case in which a multi-code
technology is used. In order to use the above-mentioned inter-
ference cancellation technology, several transmission infor-
mation segments must be overlapped/transmitted via mul-
tiple antennas. In other words, if the spatial multiplexing
technology is used, each of transmission information is
detected, and at the same time the interference cancellation
technology can be used.

In this case, several transmission information segments
may be defined as several codewords as described above, and
be then transmitted. The following embodiment assumes that
the MIMO system transmits a plurality of codes and transmits
control information per each codeword. However, the follow-
ing embodiment has been disclosed for only illustrative pur-
poses, and it should be noted that the scope and spirit of this
embodiment will be equally applied to various transmission
information constituent units of various systems capable of
transmitting several transmission information segments.

FIG. 1 is a block diagram illustrating a transmission struc-
ture of a MIMO system including the (2x2)-antenna struc-
ture.

Referring to FIG. 1, the system capable of transmitting a
plurality of codewords, each of which is used as the afore-
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mentioned CRC attachment unit, is able to construct several
transmission chains as many as the number of codewords
capable of being simultaneously transmitted. FIG. 1 shows an
example of the transmission structure equipped with the
(2x2)-antenna structure. In the case of min(M,N)=2, the
maximum number of transmittable streams (i.e., a maximum
rank) may be set to “2”. Referring to FIG. 1, the current rank
is 2. IfaCW1 (10) and a CW2 (12) are transmitted, the MIMO
system according to the present invention can recognize that
a transmission chain is constructed. CRCs are attached to
CW1 (10) and CW2 (12) as denoted by ‘12’ and “13°. The
channel coding is carried out on each of the CRC attachment
results 12 and 13. The modulated streams 15 and 17 are
precoded by the precoding unit 18, such that the precoded
result can be transmitted via each Tx antenna 19.

Next, control information transmitted from the above-
mentioned MIMO system will hereinafter be described in
detail. For example, CQI may be used as the above-men-
tioned control information transmitted from the MIMO sys-
tem. Namely, a receiving end of the MIMO system measures
the status of a channel through which a signal is transmitted
from a transmitting end, and then deliver information about
the status to the transmitting end.

FIG. 2 is a conceptual diagram illustrating a method for
transmitting CQI from a user equipment (UE) to a Node-B.

Referring to FIG. 2, the UE 21 receives a downlink signal
from the Node-B 20, and measures a downlink channel status.
The UE 21 transmits a channel status measurement result as
the CQI back to the Node-B 20. Specifically, the Node-B may
be able to perform a link adaptation process, such that it can
use a maximum amount of channel capacity of the mobile
communication system and can effectively transmit data to
users. It is preferable that the UE feeds back CQI to the
Node-B to perform the link adaptation process.

In the meantime, in multi-carrier system, channel qualities
are different per each of frequency bands for data transmis-
sion. In order to effectively allocate resources, the user (i.e.,
the UE) transmits CQI of a total frequency band. Therefore,
the total frequency band is divided into several units of fre-
quency bands, and the CQI can be transmitted via each unit of
frequency bands.

This CQI may be generated in various ways, for example,
a method of simply quantizing a channel status without any
change, a method of calculating a SINR (Signal to Interfer-
ence+Noise Ratio), and a method of using MCS (Modulation
and Coding Selection) level information to indicate the status
of a channel in real condition.

A method of generating CQI based on MCS among various
CQI generation methods will be explained hereinafter. An
example for this method is a CQI generation method for a
High Speed Downlink Packet Access (HSDPA) transmission
scheme under the 3GPP. In case that the CQI is generated on
the basis of MCS, MCS consists of a modulation scheme, a
coding scheme, and the resultant coding rate. Hence, it is
preferable that at least one CQI be transmitted per each code-
word which is considered as a modulation/coding unit,
because the CQI is to be changed according to the change of
the modulation scheme and the coding scheme.

In addition, different channel measurement scheme and/or
different reporting scheme may be applied to CQI according
to the type of a signal or a channel. For example, a commu-
nication channel between the Node-B and the UE can be
generally classified into a data traffic channel and a control
channel for controlling the data traffic channel. If the data
traffic channel and the control channel have different fre-
quency/spatial bands, the data traffic channel and the control
channel may also have different CQI values.
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Generally, for a control channel in the multiple-carrier
system, frequency diversity and spatial diversity are used
throughout the whole band. Therefore, the CQI for a control
channel is measured and fed back for the whole band.

To the contrary, in case of the data traffic channel, sched-
uling and spatial multiplexing is performed for each fre-
quency band. Therefore, it is preferable to divide the fre-
quency band into sub-frequency bands and measure CQI
value for each sub-frequency band, and then feed back the
measured CQI.

Control information transmitted from the MIMO system
may be exemplified by rank information. The rank informa-
tion is a control information that indicates how many inde-
pendent data streams can be transmitted at a current transmis-
sion time, when the MIMO system transmits several
independent data streams. That is, rank is defined as the
number of maximum data streams that can be transmitted at a
certain transmission time. Rank may also be called as a spatial
multiplexing rate. Rank might be decided in consideration of
the combination of antennas of a transceiver. For example, the
system including M number of Tx antennas and N number of
Rx antennas has a maximum rank of min(M,N).

For another example, Tx control information of the MIMO
system may be precoding matrix index information. A MIMO
system using a precoding scheme can transmit control infor-
mation associated with either a precoding vector or a precod-
ing matrix which is the most appropriate for a current channel
status.

The precoding vector or the precoding matrix can be
directly delivered by transmitting control information includ-
ing configuration information of a vector or a matrix. Other-
wise, on the condition that a plurality of precoding matrix are
predefined beforehand with a form of codebook. The precod-
ing vector or the precoding matrix can be directly delivered by
transmitting index information in corresponding codebook.
Inthis case, the codebook may be predetermined and stored in
the transmission/receiving ends for each rank, or may also be
configured in the form capable of being applied to several
ranks and be then stored in the transmission/receiving ends
for each rank. In this way, in the case of using the above-
mentioned codebook, only index information of the predeter-
mined precoding vector or precoding matrix may be trans-
mitted to the transmission/receiving ends, such that the
transmission load of the control information can be reduced.

The control information including the CQI can be trans-
mitted to an upper layer signal or a physical layer control
signal. In the case of transmitting the control signal to the
physical layer control signal, if a downlink shared channel
(DL-SCH) exists for a UE, then the control signal can punc-
ture data symbols or bits of the DL-SCH to be transmitted.
Otherwise, the control signal can be transmitted via a dedi-
cated control channel such as Physical Uplink Control Chan-
nel (PUCCH).

In order to reduce an uplink feedback load, time period and
measurement frequency band may be differently configured
for control information such as rank information and precod-
ing information. For example, considering a feedback period
from the receiver to the transmitter, rank is insensitive to a
time variation whereas CQI is sensitive to a time variation,
such that a transmission period of rank information may be set
relatively longer than that of CQI.

FIG. 3 shows a result of generating CQI by measuring
channel information at a receiving end.

FIG. 3 shows the CQI of the control channel 31, the CW1
32 of the data traffic channel and the CQI of the CW2 33. As
described above, when the CQI of the control channel and the
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data traffic channel is transmitted, the CQI may be configured
in different ways for each of the control channel and the data
traffic channel.

In other words, for the frequency band for measurement,
generally, because a control channel is evenly distributed to
whole bands, the CQI can be configured for the whole bands.
In case of data traffic channel, frequency bands may be
divided into a plurality of CQI sub-bands for scheduling of
frequency bands, and then CQI for each of CQI sub-bands 30
or a group of CQI sub-bands can be configured.

Because the control channel is transmitted using a spatial
diversity scheme and the data traffic channel is transmitted
using a spatial multiplexing scheme, each of data and control
information is transmitted through different physical chan-
nels. As a result, the SINR received at a receiving end may be
different to each other as shown in FIG. 3. In addition, the
SINR for the data traffic channel received at a receiving end
may be different according to rank. For example, for rank 2,
two codewords (i.e., a CW1 32 and CW2 33) is transmitted,
such that SINR1 and SINR2 might decrease due to unex-
pected interference between CW1 32 and CW2 33. Further-
more, provided that at least one CQI is transmitted for each
codeword, the CQI amount fed back may be changed accord-
ing to whether the rank is 1 or 2, and signaling structure may
have different format according to the rank.

In the meantime, rank information is generally measured
with a unit of bandwidth greater than the total band or CQI
sub-band. However, if channel status fluctuates drastically
with frequency bands, the rank information measured as
above may not be fit for some sub-bands. That is, provided
that a rank value is set to 2 for a whole bandwidth, the channel
status of CW1 32 or CW2 33 in a certain band 34 may be poor
as shown in FIG. 3, and thus transmitting only one stream
may be more effective than transmitting both of two streams.

In the meantime, when feeding back from a receiver to a
transmitter, it is effective to transmit rank information with
relatively longer period compared to the transmitting period
for CQI, in consideration of a sensitivity to time variation. If
the transmission period of the rank information is longer than
that of the CQI, a pre-reported rank information may not
match to the rank status at a CQI report time due to time
variation. That is, even though it was reported that a rank was
2, a channel status may be changed to a poor channel status,
such that it is more preferable that single-codeword transmis-
sion be better than two-codeword transmission.

Under the above-mentioned two situations, the Node-B
may expect receiving a report on CQI with rank 2 from UE. In
other words, the Node-B may expect that two CQI values
(CW1 32 and CW2 33) will be reported, and then the Node-B
may recognize control information according to the signaling
format associated with the expectation. However, if there is a
CQI sub-band 34 in which only one stream is to be transmit-
ted, a method for indicating this situation is required.

In the present embodiment according to the present inven-
tion, CQI includes transmission restriction status information
which is capable of indicating not to use a specified codeword
for transmitting data. In addition, a request to adaptively
change the number of transmission codewords for some sub-
bands may be delivered with the same format.

Based on the control information according to the present
embodiment, the transmitting end may select one of follow-
ing schemes. First, only one codeword may be transmitted.
Second, for a codeword requested to restrict for transmission
with the transmission restrictions status information, the
codeword may still be transmitted enduring a higher error rate
than a target error rate. Third, for a codeword requested to
restrict for transmission with the transmission restrictions
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status information, the codeword may be transmitted with
increased transmission power.

FIG. 4 is a flow chart illustrating a method for transmitting
the CQI according to the present invention.

Referring to FIG. 4, it is provided that rank is set to 2, the
whole of a data traffic channel is divided to a plurality of CQI
sub-bands, and CQI reports are performed for each of the CQI
sub-bands.

Referring to FIG. 4, the Node-B transmits a pilot signal to
each Tx antenna at step S40. The UE receives the pilot signal
channel transmitted through according to link adaptation
scheme etc., and measures Tx channel qualities of two code-
words (i.e. CW1 and CW2) on the basis of the received pilot
signal according to a channel estimation scheme. In this case,
if channel quality of a specific CQI sub-band is equal to or less
than a reference value, CQI including information that is
capable of reporting transmission restriction status is trans-
mitted at S42 sot as to report the above situation to the base
station.

In the case of transmitting the CQI, the UE is able to
transmit CQI values of two codewords as described above. In
this case, information indicating transmission restriction sta-
tus might be included in the CQI for the total band or in the
CQI for some sub-bands, and then the CQI for the total band
or in the CQI for some sub-bands might be transmitted. For
example, provided that a current rank is set to 2 to transmit
two codewords (i.e. CW1 and CW2), transmit status infor-
mation indicating that only one of the two codewords (CW1
and CW2) can be transmitted may be transmitted as CQI.

So as to selectively limit transmission of codewords
capable of being transmitted at a current rank, transmission
restriction status might be included in the CQI for all code-
words, otherwise, the transmission restriction status might be
included in the CQI for specific codewords in order to restrict
a transmission for part of codewords.

In the case of including the transmission restriction status
into the CQI for specific codewords, a low-performance code-
word might be determined as a codeword capable of trans-
mitting the above transmission restriction status information
in consideration of a statistical channel status. In this case, if
the low-performance codeword is changed to another code-
word according to a channel-status variation, the codeword
capable of transmitting the transmission restriction status
information can also be adaptively changed.

Some codewords may also be determined as a dedicated
codeword for use of transmitting transmission restriction sta-
tus information. Although some codewords are dedicated in
this way, interference that may be caused between above
codewords can be prevented, therefore, the effects anticipated
by the present invention can be obtained.

Transmission restriction status may be represented in vari-
ous ways according to transmitted CQI value. For example, if
a SINR value is transmitted as the CQ], the value of “SINR=-
oodB” may represent the transmission restriction status. If a
code rate or a modulation scheme is transmitted as the CQI
value, “code rate=0" or “modulation order=0" may represent
the transmission restriction status. Specifically, if a MCS
index is transmitted as the CQI, a specific index may be
transmitted to represent the transmission restriction status.
According to the above-mentioned methods, the MIMO sys-
tem matches the combination of bits transmitted as the CQI
with a single logical status, and transmits the matched result.

The table 1 shows a MCS table including transmission
restriction status in a case that MCS index is transmitted as

CQL
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TABLE 1

CQI value (state) for CW  Function

Transmission restriction status(Tx off)
Modulation: QPSK, code rate: 1/3
Modulation: QPSK, code rate: 1/2
Modulation: QPSK, code rate: 2/3
Modulation: 16QAM, code rate: 1/3
Modulation: 16QAM, code rate: 2/3
Modulation: 64QPSK, code rate: 1/3
Modulation: 64QPSK, code rate: 2/3

~ Oy W N = O

As can be seen from Table 1, when the MCS index is
transmitted as CQ], index information of the MCS table may
be transmitted as a CQI value of each codeword. Table 1
exemplarily shows that the index O represents a transmission
restriction status. Namely, if the receiving end (e.g., the UE)
transmits the index of 0 as the CQI, this situation may be
recognized as a transmission restriction status according to an
agreement engaged between the transmission/receiving ends.

If the CQI is transmitted as the MCS index, the following
table 2 shows another MCS table including a transmission
restriction status according to this embodiment.

TABLE 2

CQI value (state) for CW Function

Modulation: 0 and/or code rate: 0
Modulation: QPSK, code rate: 1/3
Modulation: QPSK, code rate: 1/2
Modulation: QPSK, code rate: 2/3
Modulation: 16QAM, code rate: 1/3
Modulation: 16QAM, code rate: 2/3
Modulation: 64QPSK, code rate: 1/3
Modulation: 64QPSK, code rate: 2/3

~ Oy W N = O

The above-mentioned embodiment of Table 2 is similar to
that of Table 1. However, in this case, a modulation order 0
and/or a coding rate O represents a transmission restriction
status

Table 3 is an another example of MCS table including a
transmission restriction status according to this embodiment
when a MCS index is transmitted as CQI.

TABLE 3
CQI value CQI value
(state) for (state) for
CW1  Function CW2  Function
0 Modulation: QPSK, 0 Tx off
code rate: 1/3
1 Modulation: QPSK, 1 Modulation: QPSK, code
code rate: 1/2 rate: 1/3
2 Modulation: QPSK, 2 Modulation: QPSK, code
code rate: 2/3 rate: 1/2
3 Modulation: 16QAM, 3 Modulation: QPSK, code
code rate: 1/3 rate: 2/3
4 Modulation: 16QAM, 4 Modulation: 16QAM,
code rate: 1/2 code rate: 1/3
5 Modulation: 16QAM, 5 Modulation: 16QAM,
code rate: 2/3 code rate: 2/3
6 Modulation: 64QPSK, 6 Modulation: 64QPSK,
code rate: 1/3 code rate: 1/3
7 Modulation: 64QPSK, 7 Modulation: 64QPSK,

code rate: 2/3 code rate: 2/3

In table 3, it is configured sot that the transmission restric-
tion status information can be transmitted by only CQI values
of some codewords.

According to the embodiments of tables 1 and 2, the table
1 and table 2 might be applied identically to all codewords,



US 9,148,210 B2

11

such that the transmission restriction status information can
be transmitted to all codewords. However, according to the
embodiment of Table 3, in the case of transmitting several
codewords (e.g., 2 codewords), different tables are applied to
two codewords. As a result, the transmission restriction status
can be transmitted only for part of codewords, e.g. only for
Cw2.

Although index 0 represents the transmission restriction
status in table 1 to table 3, it should be understood that other
indexes may also be used to indicate the transmission restric-
tion status. In addition, although MCS index is transmitted as
CQIl in table 1 to table 3, it should be understood that other
information may also be used as CQIL.

In the meantime, when CQI is transmitted, more specifi-
cally, when CQI of several codewords are transmitted, the
MIMO system selects some of the several codewords, a spe-
cific CQI among all CQIs may be selected as a reference. In
this case, for other CQIs except the specific CQ], a difference
value (6CQI) to the reference value might be transmitted.

For example, if the Node-B transmits two codewords, CQI
of CW1 may be used as a reference. In this case, for the CW2,
a relative value to the reference value may be transmitted.
Provided that a MCS index is transmitted as a CQI and the
MSC table of Table 1 is used, when measured CQI .5, =6 for
CW1 and measured CQI ;=5 for CW2, avalue of “6’ which
represents a index value according to the CQI;;,=6 may be
transmitted for CW1, and a value of ‘1’ which represents a
index value difference between the CW1’s CQl index and the
CW2’s CQI index, i.e., —CQI 5 +CQl -;p, =—5+6=1 may be
transmitted for CW2.

According to the above-mentioned CQI transmission
scheme, if several codewords have similar CQI values and
there is a little difference between the CQI values, transmis-
sion of an differential CQI can reduce many more bits than in
transmission of the actual value on the basis of the reference
value, resulting in the reduction of Tx overhead of uplink
control information.

For example, in Table 1, 3 bits are required to transmit the
CQI index. Therefore, if there are two codewords, 6 bits are
consumed. However, provided that the range of the differen-
tial value is established and transmitted in four steps, for a
codeword for transmitting the CQI index with the differential,
only 2 bits are required. Therefore, a total of 4 bits are con-
sumed to transmit two CQI bits, such that 1 bit can be
reduced.

The transmission method above using the CQI-differential
value may be applied into the method for transmitting the CQI
including transmission restriction status information. For
example, as previously presumed, provided that the range of
the differential value has 4 steps, differential values of the
four steps are set to “~CQl ¢y, +CQl -y, ={-2,-1,0,1}”, and
one of the differential values is transmitted as a CQI signal for
CW2, the CQI-index of CQI2 may be determined one of
“CQLoyn=CQl oy +1-1,0,1, 2}

When the CQI of CW2 is transmitted using a differential
value to the reference CQI, the Node-B can determine (back-
track) the CQI-index of CW2 using both the CQI index for
transmitting the CW1 and the relative CQI value for trans-
mitting the CW2. For example, if CQI_,, is zero (i.e.,
CQl -y, =0), CQI;;» may be determined as one of {-1, 0, 1,
2} I CQl .y, 1s 17 (€., CQlL oy, =1), CQl,.p, may be deter-
mined as one of {0, 1, 2, 3}.

When using this backtracking scheme, determined CQI of
CW2 may indicate a index value defined as transmission
restriction status or a non-existing value which is not defined
in the original MCS table. For example, the CQI index of
CW2 may indicate 0 indicating a transmission restriction

20

25

30

40

45

12

status of Table 1, or may indicate an index value of -1 which
is not defined in the index range. If the CQI of CW2 back-
tracked using this scheme indicates a index value defined as
transmission restriction status or a non-existing value which
is not defined in the original MCS table, a Node-B may
interpret it as transmission restriction status occurred. That
means, even when using the scheme of using the CQI-differ-
ential value, transmission restriction status can be delivered to
the Node-B.

The CQI value for transmitting the CW2 codeword is not
limited to any one of {-1, 0, 1, 2}, but may be defined by
various values {-2,-1,0,1} and {0, 1,2,3}. The range of the
differential value may be reduced by 1 bit, such that the CQI
value may be transmitted with {0, 1}, or {~1, 0}. The trans-
mission-value or range of the differential value, i.e., the num-
ber of bits of the differential value, can be adaptively changed
according to channel status.

FIG. 5 is a conceptual diagram illustrating a Multiple Input
Multiple Output (MIMO) system according to the present
invention.

Referring to FIG. 5, a transmission (Tx) signal 50 is coded,
modulated, weighted, precoded, and mapped by the signal
processor 51 of the transmitting end, and than the resultant Tx
signal is transmitted via several antennas. In this case, the Tx
signal is composed of several codewords according to a pre-
determined rank, such that it can be differently processed
according to the individual codewords. A reception (Rx) sig-
nal is processed at a signal processor 52 by inversely process-
ing the process of the transmitting end.

A downlink CQI is measured with the received signal and
then transmitted to the transmitting end. In this case, the
channel quality may be composed of various-formatted CQI
values, and be then transmitted to the transmitting end. If
several codewords are transmitted according to this embodi-
ment of the present invention, CQI of each codeword may be
transmitted with containing transmission restriction status if
necessary. A detailed description thereof is similar to those
explained in above.

The transmitting end receives the CQI, processes the Tx
signal according to the received CQI, and transmits the pro-
cessed result to the receiving end, such that it can adapt to
varying channel condition. In this case, if the transmitting end
receives specific information from the receiving end indicat-
ing that some codewords are in transmission restriction sta-
tus, it may transmit only some transmittable codewords irre-
spective of the receiver’s feedback rank. Also, the Node-B
may change a current rank to another rank, and may transmit
signals via the changed rank.

The above-mentioned CQI may be referred to as channel
information indicator or channel status information, etc. The
above-mentioned CQI is not limited to the above-mentioned
terms, but it can also be called other terms as necessary.

The following embodiments of the present invention will
be disclosed on the basis of a data communication relation-
ship between the Node-B and the user equipment (UE).

In this case, the Node-B is used as a terminal node of a
network via which the Node-B can directly communicate
with the user equipment (UE). Specific operations to be con-
ducted by the user equipment (UE) in the present invention
may also be conducted by an upper node of the Node-B as
necessary. In other words, it will be obvious to those skilled in
the art that various operations for enabling the Node-B to
communicate with the user equipment (UE) in a network
composed of several network nodes including the Node-B
will be conducted by the Node-B or other network nodes
other than the Node-B. The term “Node-B” may be replaced
with a fixed station, base station (BS), eNode-B (eNB), or an
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access point as necessary. The term “user equipment (UE)”
may be replaced with a mobile station (MS) or a mobile
subscriber station (MSS) as necessary.

The following embodiments are proposed by combining
constituent components and characteristics of the present
invention according to a predetermined format. The indi-
vidual constituent components or characteristics should be
considered to be optional factors on the condition that there is
no additional remark. If required, the individual constituent
components or characteristics may not be combined with
other components or characteristics.

Also, some constituent components and/or characteristics
may be combined to implement the embodiments of the
present invention. The order of operations to be disclosed in
the embodiments of the present invention may be changed to
another. Some components or characteristics of any embodi-
ment may also be included in other embodiments, or may be
replaced with those of the other embodiments as necessary.

It is obvious to those skilled in the art that the above
embodiments may be constructed by combining claims hav-
ing no explicit citation relations or new claims may also be
added by the amendment to be made after the patent applica-
tion.

It should be noted that most terminology disclosed in the
present invention is defined in consideration of functions of
the present invention, and can be differently determined
according to intention of those skilled in the art or usual
practices. Therefore, itis preferable that the above-mentioned
terminology be understood on the basis of all contents dis-
closed in the present invention.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

INDUSTRIAL APPLICABILITY

As apparent from the above description, the MIMO system
according to the present invention can transmit CQIL.

According to the following embodiments of the present
invention, if the MIMO system transmits several codewords
and the CQI of each codeword, it can indicate that some
codewords are in a transmission restriction status using the

CQL

What is claimed is:
1. A method for a user equipment in a multiple input
multiple output (MIMO) system, the method comprising:

transmitting, by the user equipment, rank information at a
first transmission periodicity; and

transmitting, by the user equipment, first channel quality
information (CQI) for a first codeword and a differential
value at a second transmission periodicity, the differen-
tial value indicating a difference between the first CQI
and a second CQI for a second codeword,

wherein a period of the first transmission periodicity is
longer than a period of the second transmission period-
icity,
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wherein at least the first CQI or the second CQl is set to one
of an index value of “0” and a plurality of index values,

wherein the index value of “0” indicates a transmission
restriction status for the corresponding first or second
codeword, and

wherein each of the plurality of index values is mapped to

a coding rate and a modulation order.

2. The method according to claim 1, wherein the rank
information is determined for an entire bandwidth for the user
equipment.

3. The method according to claim 1, wherein the first CQI
and the second CQI are determined for a CQI sub-band of an
entire bandwidth for the user equipment.

4. The method according to claim 1, wherein the first CQI
and the differential value are transmitted via a physical uplink
control channel (PUCCH).

5. A method for a base station in a multiple input multiple
output (MIMO) system, the method comprising:

receiving rank information at a first transmission periodic-

ity from a user equipment; and

receiving first channel quality information (CQI) for a first

codeword and a differential value from the user equip-
ment at a second transmission periodicity, the differen-
tial value indicating a difference between the first CQI
and a second CQI for a second codeword,

wherein a period of the first transmission periodicity is

longer than a period of the second transmission period-
icity,
wherein at least the first CQI or the second CQl is set to one
of an index value of “0” and a plurality of index values,

wherein the index value of “0” indicates a transmission
restriction status for the corresponding first or second
codeword, and

wherein each of the plurality of index values is mapped to

a coding rate and a modulation order.

6. The method according to claim 5, wherein the rank
information is determined for an entire bandwidth for the user
equipment.

7. The method according to claim 5, wherein the first CQI
and the second CQI are determined for a CQI sub-band of an
entire bandwidth for the user equipment.

8. The method according to claim 5, wherein the first CQI
and the differential value are received via a physical uplink
control channel (PUCCH).

9. A user equipment in a multiple input multiple output
(MIMO) system, the user equipment comprising:

one or more antennas each configured to transmit one or

more downlink signals; and

a signal processor configured to:

control the one or more antennas to transmit rank informa-

tion at a first transmission periodicity and transmit first
channel quality information (CQI) for a first codeword
and a differential value at a second transmission period-
icity, the differential value indicating a difference
between the first CQI and a second CQI for a second
codeword,

wherein a period of the first transmission periodicity is

longer than a period of the second transmission period-
icity,

wherein the signal processor is further configured to set at

least the first CQI or the second CQI to one of an index
value of “0” and a plurality of index values,

wherein the index value of “0” indicates a transmission

restriction status for the corresponding first or second
codeword, and

wherein each of the plurality of index values is mapped to

a coding rate and a modulation order.
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10. The user equipment according to claim 9, wherein the
signal processor is further configured to determine the rank
information for an entire bandwidth for the user equipment.

11. The user equipment according to claim 9, wherein the
signal processor is further configured to determine the first
CQI and the second CQI for a CQI sub-band of an entire
bandwidth for the user equipment.

12. The user equipment according to claim 9, wherein the
signal processor is further configured to control the one or
more antennas to transmit the first CQI and the differential
value via a physical uplink control channel (PUCCH).

13. A base station in a multiple input multiple output
(MIMO) system, the base station comprising:

one or more antennas each configured to receive one or

more uplink signals; and

a signal processor configured to:

control the one or more antennas to receive rank informa-

tion at a first transmission periodicity and to receive first
channel quality information (CQI) for a first codeword
and a differential value at a second transmission period-
icity, the differential value indicating a difference
between the first CQI and second CQI for a second
codeword from a user equipment,
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wherein a period of the first transmission periodicity is
longer than a period of the second transmission period-
icity,
wherein at least the first CQI or the second CQl is set to one
of an index value of “0” and a plurality of index values,

wherein the index value of “0” indicates a transmission
restriction status for the corresponding first or second
codeword, and

wherein each of the plurality of index values is mapped to

a coding rate and a modulation order.

14. The base station according to claim 13, wherein the
rank information is determined for an entire bandwidth for
the user equipment.

15. The base station according to claim 13, wherein the first
CQI and the second CQI are determined for a CQI sub-band
of an entire bandwidth for the user equipment.

16. The base station according to claim 13, wherein the
signal processor is further configured to control the one or
more antennas to receive the first CQI and the differential
value via a physical uplink control channel (PUCCH).
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